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F O R E W O R D  
This volume is one of a se r i e s  of reports  describing the  
development t e s t s  conducted on a candidate Shu t t l e  heat re jec t ion  
system a t  the  Hational Aeronautics and Space Administration - John- 
son Space Ceater durins the  period from March t o  July 1973. The 
complete test s e r i e s  a r e  reported in  the  following volumes: 
Volume I Overall Sumnary 
Volune I1 Nodular Radiator System Tests 
Volume XI1 Modular Radiator System Test Data 
Correlation With Thermal Model 
V G ~  m e  IY Nodular Radiator 5ystm Test Data 
Velum,? V Integrated Radiator/Expendable Cool i ng System 
Tests 
Volume VI Water Ejector Plume Tests 
Volume VI1 Improved Radiator Coating Adhesives Tests 
Volume VIII Tube Anomaly Investigation 
The tests were conducted jo in t ly  by HASA and the  Vought 
Systems Division of LTV Aerospace Corporation under Contract 
WS9-10534. D.  W.  Morris of the NASA-JSC Crew Systems Division 
was the contract  technical monitor. Mr. R.  3 .  Tufte served a s  the  
VSD Proj ec t Eng i new. 
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1 .O SUMMARY 
A three-week t e s t  of a Modurar Radiator System (MRS) was conduct?' 
i n  the Space Envirorment Simulation Laboratory (SESL) a t  the Johnson Space 
Center (JSC) during the t ime period March 5 through 23, 1973. The tes ts  were 
designed t o  inves t iga te  the v a l i d i t y  o f  the "modular" approach t o  space 
rad ia to r  system design f o r  Space Shu t t l e  and f u t u r e  appl icat ions by yathering 
performance data on various systems comprised o f  d i f f e r e n t  numbers o f  i den t i ca l  
panels, subject t o  nominal and extreme heat loads and environments. Both 
one-sided and two-sided rad ia t i on  was tested, and engineering data was gathered 
on simulated low a/€ coatings and system response t o  changes i n  o u t l e t  temp- 
erature contro l  point .  
The r e s u l t s  o f  the  tes t i ng  showed system s t a b i l i t y  throughout 
nominal o r b i t a l  t ransients, u n r e a l i s t i c a l l y  skewed envirorments, freeze-thaw 
transients, and rap id  changes i n  o u t l e t  temperature cont ro l  po in t .  Various 
a1 te rna t i ve  panel plumbing arrangements were tested w i t h  no s i g n i f i c a n t  changes 
i n  performance being observed. 
With the MRS panels arranged t o  represent the Shut t le  basel ine 
system, a maximum heat r e j e c t i o n  o f  76,600 BTU/hr was obtained i n  segmented 
t e s t s  under the expected worst case design environments. The minimum heat 
r e j e c t i o n  was 8260 BTU/hr i n  a co ld  envirorment. Test ing o f  an a1 ternate 
smaller two-sided r a d i a t i o n  c o n f i g ~ r a t i o n  y ie lded a maximum heat r e j e c t i o n  of 
52,931 BTU/hr under the maximum design environments and a minimr!i,i o f  4163 
BTU/hr i n  a co ld  environnent. 
2.0 INTRODUCTION 
This report presents data from the Modular Radiator 
System Shuttle Configuration Tests conducted i n  the NASA-Johnson Space Center 
thermal vacuuin fac i l i ty  (Chamber A )  from 5 March 1973, through 23 March 1973. 
The tests were conducted under the supervision of the Crew Systems Division 
of JSC. i o u g h t  Systems Division of LfV Aerospace Corporation designed, man- 
ufactured, and instrumented the radiator panels and f;ow bench used to slipply 
the radiator sys tern. The chamber faci 1 i t i es ,  environment simulation and data 
gathering and reduction were suppl ied by NASA-JSC. 
2.1 Test Objectives 
The general tes t  objectives were: 
1. Provide data which wi 11 support detai 1 design of Space Shuttle 
radiators by defining performance limitations w i t h  environments and fluid 
temperatures characteristic of shuttle operation. 
2.  Demonstrate performance of eight modular radiator panels in a 
variety a f  series and para1 le l  flow arrangements with balanced and unbalanced 
panel environments. 
3. Demonstrate that the modular radiator system performance 
range of capabilities sat isf ies  Shuttle requirements. 
4. Demonstrate general modular radiator system operational 
capabi l i t y  i n  a thermal -vacuum environment. 
5. Investigate t e s t  performance of various candidate shuttle 
radiator panel arrangements to  support analyti cal predictions. 
6. Provide data for veri f icat i  on/correlation of math model pre- 
di ctions . 
The t e s t  was divided into three major groups w i t h  specific objectives 
as follows: 
GROUP 1 - SIMULATED SHUTTLE BASELINE SYSTEM - One-sided Radiators 
o Demonstrate performance of the Rockwell International 
Corporation (RIC) base1 ine Shuttle configuration with 
a variety of heat loads and thermal environments. 
GROUP 2 - TWO-SIDED RADIATORS 
o Demonstrate performance of radiator portion o f  weight 
optimum radiator-water heat rejection system under 
simulated 78' i n c l i n a t i o n  and 0' i n c l i n a t i o n  o rb i t s .  
o Invest igate rad ia to r  system response t o  step changes 
i n  o u t l e t  temperature cont ro l  po in t .  
GROUP 3 - DESIGN DATA 
o Compare performance o f  rad ia to r  systems plumbed i n  
various a1 te rnz t i ve  arrangements. 
o Evaluate engine, ,ng design adequacy o f  the panels. 
o Evalirate performance w i t h  simulated low a/& coating$. 
o Demonstrate system p a r a l l e l  f low s t a b i l i t y  w i t h  skeved 
environments. 
o Demonstrate sys tem performance du r i  ng trans i ti on 
between high and law heat loads ( f reez ing  and thawing) 
i n  various para1 l e l l s e r i e s  f l o ~  arrangements w i t h  
balanced and unbalanced envi roments . 
Four basic Shut t le  conf igurat ions were approximated during the tes : . 
The four  conf igurat ions have been analyzed i n  a recent  Shut t le  rad ia to r  design 
opt imizat ion study (Reference 1 ) which permit ted the use o f  water evaporation 
t o  supplcment rad ia to r  heat r e j e c t i o n  when needed. The four  configurations 
and corresponding f low loops are  i 11 ustrated !n Figure 1 . 
The baseline conf igurat ion (3) w i t h  1436 ft2 o f  e f f e c t i v e  area can 
r e j e c t  the Shu t t l e  heat loads wi thout  supplemental water evaporation. For each 
cargo bay door, two panels are permanently attached t o  the a f t  door segments 
and four more panels a re  mounted back-to-back and separately deployed from the 
forward door segment. i he 12 panels are i d e n t i f i e d  as A through L on Figure 1. 
Configurations 1 and 2 requ i re  supplemental water evaporation t o  
sa t is fy  shu t t l e  heat r e j e c t i o n  requirements, but  a l l  panels are permanently 
attached t o  (and supported by) cargo bay door segments. Configurations 1 
and 2 d i f f e r  only i n  the deployment angle o f  the forward doors. The e igh t  
panels are i d e n t i f i e d  ABCD, GHIF and tne environments are s i m i l a r  t o  those of 
Panels ABCD, GHIF fif Configurat ion 3 . 
Configuration 4 consists o f  four  panels which are separately 
deployed from the forward cargo bay door segments. The panels are uninsulated 
so tha t  they rad ia te  from both sides. The ana ly t i ca l  trade study indicated that ,  
w'th supplemental water evaporation, t h l s  concept y ie lded a weight optin~um design. 
The four  panels are i d e n t i f i e d  as M, N, 9 and P since the two-sided conf igurat ion 
does not  correspond t o  any panels i n  the other three cor~figurations. 
2.2 Mission Environments Simulated 
Figures 2 and 3 show the various mission envirorments which were 
simulated during the testing. I n  addition, dee? space cold soaks and severely 
skewed (unreal i s t i c )  envirorments were simulated. Deta . ied values for  the 
enviroments are presented i n  the section o r  ?valuation o f  resu l ts  and i n  
Appendix A. 
3.0 TEST ARTICLE AND INSTRUMENTATION 
3.1 Panel Description 
The Modular Radiator System (MRS) for  t h i s  t es t  consisted o f  e ight  
6 ft x 12 ft f l a t  panels arranged i n  f low patterns s imi lar  t o  those being 
considered f o r  the Space Shuttle. Each panel consists o f  extruded tubes 
welded t o  0.02 inch aluminum sheet on 6.0 inch centers i n  a U-shaped pattern 
as shown i n  Figure 4. The over/under tube arrangement (Figure 4) provides 
f o r  completely redundant flow passages, but only the "under" passage was used 
i n  th i s  test. Thorough thermal vacuum test ing of two of the panels has pre- 
viously been performed (Reference 2) and a l l  eight panels and the f low bench 
were checked out  i n  the VSD thermal vacuum chamber p r i o r  t o  the Chamber A 
tests t o  insure sat is factory operation o f  a l i  equipment and v e r i f y  a l l  opera- 
t iona l  procedures. (Reference 3) 
The eight  panels were ins ta l led  i n  Chamber A as shown i n  Figures 5 
and 6. Figures 7 through 9 show the panel being insulated, the plunbing 
insulat ion and the insulated panels. The environnent simulators were ins ta l led  
d i r ec t l y  below the radiator  panels and wrapped i n  superinsu;ation as shown 
i n  Figure 10 f o r  the one-sided and two-sided rad ia t ion tests. 
3.2 System Description 
The MRS achieves heat load control by varying the flow s p l i t  between 
a "prime" and "bank" c i r c u i t  as shown f o r  a typical  panel arrangement on 
Figure 11. The f low sol i t  was control led during the t e s t  by a valve which 
sensed the mixed ou t l e t  o f  the prime and main c i r c u i t s  and compared i t  t o  a 
desired set  point  temperature. During periods o f  low load, the major i ty  of 
the flow was routed to the prime tubes o f  each r,anel, and the bank was allowed 
t o  stagnate (freeze), thus reducing the e f fec t ive  panel area. As the load 
incvased, more f low i s  routed t o  the bank, and the panels begin t o  de- 
stagnate (thaw) from the inside out  ( i  .e., the shortest tubes destagnate f i r s t ) .  
Two d i f fe ren t  mixing valves were used during the t e s t  t o  c m t r o l  the 
prime and main mixed temperature. A thermally actuated valve supplied by 
Pyrodyne was used during some portions of the t e s t  (mostly during transients). 
This valve has a f ixed set  point  o f  47-49°F. 
The second valve used an electro-mechanical valve and control u n i t  
o r ig ina l l y  designed f o r  use i n  the Skylab Apollo Telescope Mount (Am) coolant 
loop. The valve control u n i t  was modified by LTV t o  provide o u t l e t  temperature 
control points o f  40°, 50°, and 70'. The Skylab requirement f o r  leakage 
through the ATM valve "closed" side i s  much higher than tha t  required f o r  MRS 
testing. Thus, addit ional r e s t r i c t i o n  was added manually by LTV t es t  per- 
sonnel during various phases o f  the test,  such t ha t  the leak r a t e  was reduced 
t o  approximately 1% o f  f u l l  flow. 
Figure 12 shows the t e s t  system schematic and instrunentat ion location. 
A l l  valves inside the chamber are remotely control led t o  permit a wide var ie ty  
o f  series/paral lel  f low arrangements. Some valves external t o  the chamber 
used t o  provide f o r  flowneter i so la t ion  f o r  servicing and repa i r  and an 
addit ional temperature control valve (the ATM va1ve)are not shown on Figure 12 . 
3.3 Instrumentation 
The A1 series thermocouples (panel in1 e t  and out1 e t  temperatures) 
and flow ~neasurments shown on Figure 12 are considered c r i t i c a l  f o r  evaluating 
system performance. The A1 temperatures are backed up by Brown Recorder ther- 
mocouples and the flowneter arrangement ( t o t a l  f low plus f low i n  each leg) i s  
such tha t  w i th  the loss o f  any one flowneter a l l  flows are s t i l l  known. I n  
addi t ion t o  the c r i t i c a l  f 1 u i d  temperatures, each panel has 37 thermocouples 
attached t o  the external tubes as shown i n  Figure 13. These temperatures and 
the panel pressure drop measurements are desirable but not cons+ ?red c r l t i c a l  
t o  the conduct of the tes t .  
Figures 14 through 17 show the LTV f low bench and equipment used t o  ! 
supply the radiator  system w i th  the desired f l u i d  temperatures and flow. 
During the t h i r d  week o f  test ing i t  was observed tha t  the i n l e t s  
t o  the prime tubas inside the chamber were reading approximately g0F higher 
than the prime i n l e t  o3tside the chamber. With chamber cold walls i t  d id  not 
seem reasonable t ha t  a net heat gain o f  t h i s  magnitude could occur. Star t ing 
w i th  day 79 approximately 2230 hours the back-up thermocouples f o r  A10003 
through A10036 were recorded on the miscellaneous channels, MS0003 through 
MS0036. The MS data agreed wel l  w i t h  t ! ~  wasurements outside the chamber. 
Subsequent t o  the t e s t  i t  was discovered that  a d iss imi lar  thermocouple 
connector ins ide the chamber was used f o r  A1 0003 through A1 0014. During the 
f i r s t  two weeks o f  test ing the chamber walls were warm and the thermocouple 
connector d i d  not a f f ec t  the readings. However, during the t h i r d  week the 
chamber walls were cold and a temperature gradient in the connector produced 
an EMF which affected the readings. A survey of the A1 and MS readings a f t e r  
2230 on day 79 indicated that the A1 readings averaged 8.5OF high. This value was 
subtracted from a1 1 A1 0003 through A1 0014 data between day 78, 0735 hours and 
day 79, 1110 for determining the radiator performance. 
3.4 Environment Simulation 
The envirorment was simulated by a temperature controlled pmel 
located imnediately below the -adiator panels as indicated in the sketch of 
Figure 10. A freon 11 loop md a liquid nitrogen loop flowing i n  separate 
tubes were used to control the panel temperatures. Design, installation ana 
operation of the envirorment panels were provided by the Space Envirorment 
Simulation Laboratory (SESL) division of NASA-JSC. The radiator pane1 absorbed 
heat was determined by SESL engineers based on the simulator and radiator 
temperatures including the effect of ref 1 ected energy. 
Appendix A shows the absorbed heat for each radiator panel a t  the 
stable conditions. Transient envirorment data i s  not available a t  this  time. 
During the in i t ia l  5 t e s t  points the simulated environment was high because 
SESL engineers used a radiator panel emissivity of 0.85 t o  determine the 
heat absorbed. VSD ~ s e d  0.92 i n  the pre-test computer analysis. Gier-Dunkle 
tes ts  of 5 paint samples by NASA indicated a "near normal" emissivity of 0.913. 
Correcting to hemispherical emissivity yields 0.865 to 0.89. A value of 0.90 
was used to determine a l l  the environments shown i n  Appendix A. TP-5 (Test 
Point - 5) envirorments were se t  based on the revised emissivity of 0.90, 
resulting i n  lower values than used i n  TP-1. TP-1 and TP-5 are  segments of 
the baseline system and together simulate one side of the cargo bay doors. 
This explains why the envirownents for  this  tes t  sequence were inconsistent. 
4.0 TEST DESCRIPTION 
The o r ig ina l  t e s t  plan ca l led for  three separate t e s t  weeks w i th  
d i f f e w r  . panel and plunbing configurations each week. I n  order t o  make 
mar : m m  use o f  avai lable t e s t  time the t es t  chamber punpdown was t o  be i n i t i a t e d  
a t  mid ight  each Sunday and the t es t  completed i n  time f o r  repressurization 
aa~d yequired t e s t  a r t i c l e  reconfigurat ion by midnight the next Friday. However, 
a. fai7u:-e o f  the enviroment simulator during the f i r s t  week o f  tes t ing required 
a revis ion o f  the t e s t  time1 ines including chamber repressuri zat ion and pump- 
dtmn i n  the middle o f  the week one and week three tests. The revised t e s t  p lan 
sat is  fi :d a l l  major t es t  objectives although the t es t  time was reduced. 
4.1 Test Description by Week 
During the f i r s t  week the panels were insulated on one side and two 
f l o w  locbp arrangements tested t o  investigate the performance o f  segments of 
configurations 1, 2, and 3. Flaw loop a (Figure 18) i s  used t o  simulate the 
top panels on one cargo bay door f o r  configurations 1 and 2; a l l  o f  the panels 
o f  configuration 2 w i th  a low cJe coating; and 1/4 o f  the upward facing panels 
comb iced wi th  a l l  o f  the downward facing panels o f  configuration 3. 
Flow loop 8 (Figure 19) simulates the para l le l  t o  series flow setup 
o f  tl ~e basel ine sys tan f o r  one cargo bay door. One h a l f  o f  the upward panel 
area and a l l  o f  
ment. Since the 
configu:~ation 3, 
ward facing pane 
t ions w i  th flow 
..? downward facing area are simulated f o r  t h i s  t e s t  arrange- 
f low loop o f  Figure 18 simulates a l l  upward facing panels of 
the ou t l e t  temperature a t  po in t  X (a f te r  one h a l f  of the up- 
s)  i s  used a t  the i n l e t  temperature f o r  corresponding condi - 
oop B (Figure l a ) .  The temperature a t  po in t  Y (after 3/4 of 
the u p ~ a r d  facing ,jar,zls j i s  used as the i n i e t  temperature f o r  corresponding 
conditions w i th  the arrangement o f  Figure 20 which simulates the o u t l e t  leg of 
boch cargo b i ,  aoors. Figures 21 and 22 summarize the f i r s t  week t e s t  config- 
urations b.id f low o f  test ing. 
Af ter  5 t es t  points were completed i n  the f i r s t  week,a freon 11 l i n e  
SUP 'y ing t!te I R  simulator f a i l e d  causing a pressure wave i n  the chamber t o  blow 
h e  insul21tion blarkets o f f  o f  panels 3 and 4 and p a r t i a l l y  o f f  o f  panels 2 and 7. 
Figure 23 shows the insu la t ion on the panels a f t e r  the freon 11 l i n e  fa i lu re .  
I t  was d . . : i a i  that  no fur ther  useful tes t ing could be accomplished w i th  the 
panels exposed t o  the chamber warm walls so the chamber was repressurized and 
the blankets and 1 ine repaired. The t es t  t imelines were revised t o  r e f l e c t  
the reduced t es t  time due t o  the chamber repress, repa i r  time and pumpdown. 
During the f i r s t  t es t  sequence a f t e r  pumpdown, another I R  panel l i n e  f a i l e d  
(Zone 2) and blew the insulat ion blanket p a r t i a l l y  o f f  o f  panel 2. The f low 
arrangement was modified to  use panel 6 and 8 instead o f  2 and 4 i n  the a 
f low loop and one o r b i t  simulation completed before another I R  panel l i n e  f a i l e d  
and blel. the insulat ion o f f  o f  panel 8 and p a r t i a l l y  o f f  o f  6 and 7. Figure 24 
shows the locat ion o f  the insulat ion blankets a f t e r  the second and t h i r d  I R  
panel 1 ine fai lures. Four additiorlal planned t es t  points were completed w i t h  
revised flow configurations and degraded insulat ion on panels 2, 6, and 7. 
Two addit ional t es t  points were devised t o  investigate system performance 
during the t rans i t i on  from low t o  high heat loads and w i th  the panels under 
widely d i f f e ren t  enviroments. 
The second week o f  test ing was revised t o  complete the o r i g i na l l y  
planned week 1 t es t  points and a port ion o f  the planned t h i r d  week tests. The 
t h i r d  week o f  test ing was p;anned t o  investigate three more flow loops 
(Figures 25, 26 and 27) to  demonstrate v e r s a t i l i t y  o f  f low arrangements, the 
e f fec t  o f  panel isolat ion,  panel shadowing, and 1 imi tat ions on performance. 
Freeze-thaw character ist ics o f  panels connected i n  various paral le l /ser ies 
f low arrangements were also obtained during these tests. Figure 28 sumnarizes 
the second week configurations . 
Based on anomaly study resu l ts  o f  the I R  panel fa i lures,  the requested 
envirorments f o r  the remaining tests were also revised so tha t  the cyc l i c  
envirorments d id  not require al ternate freon 11 and LNz i n  the simulator panels. 
A l l  major t h i r d  week objectives were accomplished during the second port ion 
of the second week. 
For the t h i r d  week o f  testing, the insulat ion was configured to  
simulate the cargo bay door and the performance o f  configurat ion 4, (two-sided 
radiat ion) investigated wi th  f low loop y (Figure 29). This f low loop simulates 
the radiators on both sides o f  the forward 30 ft. o f  the cargo bay and represents 
the f u l l  radi t l tor  system when expendable water i s  used t o  supplement the 
radiator heat reject ion. A l l  planned t es t  sequences and objectives were 
accomplished for t h i s  configuration. Excess t es t  time a t  the end of the week 
was u t i l i z e d  to  investigate the systg' performance i n  other than the analyt ical  
''worst case" orb i ts .  
Table 1 presents the complete 3 week t es t  t imelines i n  the order 
the tests were run. Appendix B presents more detai led t e s t  t imelines com- 
p i led  from the weekly status reports prepared by VSD. 
4.2 Sumnary o f  Testing by Objective 
The sixty-one t es t  points run during the three-week t e s t  series 
have been divided i n t o  three major groups as follows: 
Group 1 Simulated Baseline Systen 
. Sun i n  Cargo Bay, 6 = 78" environment 
. Skewed envirorments 
. Cold soak and recovery 
Group 2 Two-sided Radiator System 
. Sun i n  Cargo Bay, fi = 78" environment 
. B = 0" envirorment 
. Cold soak and recovery 
Group 3 Design Data 
. Low a/€ coating simulation 
. Response t o  set  po in t  changes 
. A1 ternat ive plumbing arrangements 
5.0 TEST RESULTS 
The resu l ts  presented i n  t h i s  section are catagorized by major object ive 
topic as presented i n  Section 4.2. Section 5.1 presents simulated baseline 
results, Section 5.2 presents two-sided radiator  results, and Section 5.3 con- 
tains resu l ts  from other t es t  points designed to  obtain engineering data. 
Each major group has been further subdivided t o  include t es t  points 
which together form the baseline system o r  are d i r ec t l y  comparable t o  each 
other. Tables 2 through 4 present the t es t  po in t  groupings and an index showing 
the page numbers for the t es t  data f o r  each subgroup. The t e s t  resu l ts  pre- 
sented include a sumnary of the t es t  conditions and overal l  results, steady- 
state performance maps showing temperatures and f low rates f o r  each s tab i l ized 
condition and appropriate t ransient  data and calculated heat re jec t ion  as re- 
quired. The complete se t  o f  t es t  data i s  presented i n  Volume N o f  t V i s  report. 
5.1 Baseline Sys tern 
The resu l ts  o f  Test Groups 1.1 through 1.8 ( re fer  t o  Table 2) are 
displayed i n  t h i s  section. Table 5 sumnarizes the resu l ts  of these groups 
(18 t es t  points) and Tables 6 through 12 present a sumnary chart  f o r  each 
g ;up. Figures 30 through 55 present de ta i l  data f o r  each t e s t  point.  
Table 5 shows the t es t  data heat re jec t ion  f o r  the simulated base- 
l i n e  system. For those t es t  points which simulate half of the system the 
average heat re jec t ion over the o r b i t  i s  doubled t o  get  the system heat re-  
ject ion. It i s  assumed tha t  as one side of the system i s  a t  the maximum heat 
re jec t ion the other side i s  a t  the minimum so tha t  the o rb i t a l  average o f  one 
side i s  approximately the same as the t o t a l  system. Table 5 indicates that  
t es t  groups 1 . I  through 1.5 do not r e j e c t  th2 desired heat loads. The dif ference 
i n  heat rejected and heat load f o r  t es t  groups 1.6 and 1.7 i s  due t o  the out- 
l e t  temperature control point  and s l i g h t  differences between the main and 
prime system flow s p l i t s  between the t es t  segments. The fact  tha t  t es t  groups 
1.1 through 1.5 do not r e j ec t  the heat load i s  a t t r i bu ted  t o  two reasons. 
F i rs t ,  although the t o ta l  t es t  area agrees w i th  the baseline area, the dis-  
t r i bu t i on  between the top panels and the cavi ty panels i s  different. Second, 
the t es t  environments are generally higher than desired resu l t ing i n  a lower 
heat reject ion. 
The test and baseline areas are: 
TEST 
- BASELINE 
Top Panels 1152 1030 
Cavity Panels 288 41 0 
Total 1440 ~ t 2  1440 ~ t 2  
The baseline heat re jec t ion  can be estimated by adjusting the  t e s t  heat 
re jec t ion  on the  top panels and cav i t i e s  by the differences i n  areas. Table 18 
presents the  results of t h i s  analysis  f o r  test groups 1 . I ,  1.2 and 1.5. The 
extrapolated results a r e  c lose  to  the desired heat re jec t ion  f o r  test groups 
1.1 and 1.2 indicating t h a t  w i t h  lower envirorments the heat load could be 
met. The results fo r  test group 1.5 indicate t h a t  the  basel'ne system a s  
tested will  not r e j e c t  the  system heat load w i t h  the sun i n  cavity orientat ion.  
A flow reversal valve which routes the flaw through the  hot cavity panels 
first then t o  the  top panels o r  a flow proportioning valve t o  route the  flow 
t o  the  cold cavity would improve heat re jec t ion  f o r  this orientat ion.  
The low heat re jec t ion  f o r  test groups 1.3 and 1.4 is a t t r ibu ted  t o  
higher than desired enviroments. For example, the comparison of test points  
5 and 8 shown i n  Figure 55 indicates t h a t  the high environment on panels 1 ,  3, 
5 and 7, test point 8, caused the  i n l e t  t o  the  cavity panels (panels t: and 6) 
t o  be the  same for  both test points and resulted i n  the  same o u t l e t  temperatures. 
5.2 Two-sided Radiation Tests 
The enviroment and heat load simulation f o r  this test group was very 
good. No data is avai lable  a t  t h i s  time on the  t r ans ien t  enviroments but 
the  maximum and minimum points agreed well with the  desired values. 
Test groups 2.1 through 2.4 examined the performance of the  radia tor  
portion of the analyt ica l ly  determined weight optimum r a d i a t o r h a t e r  heat re- 
ject ion system. Table 13  sumnarizes the  test r e s u l t s  of these test groups and 
Figures 56 through 86 present the  temperature maps and pert inent  t rans ient  
temperature and flow r a t e  plots .  Test pofnts 21 and 22 y ie ld  comparable re- 
sults for  steady s t a t e  and cyclical  enviroments. As indicated by Table 13, 
the t e s t  heat re jec t ion  r a t e  f o r  TP-21 would require an additional 20,296 BTU/hr 
of heat re jec t ion  by water evaporation to  reject the  imposed heat load of 
69,722 BTUIhr. This i s  above the nomial 16 l b l h r  maximum previously established 
by analysis fo r  the evaporation device. An examination o f  the environments 
for  t h i s  t e s t  po in t  indicates t h a t  the  steady enviroments requested were 
too high. The c y c l i c  envirorments used f o r  TP-22 var ied between 133 and ' f  58 
f o r  one side of the cargo bay and 171 and 131 (90' ou t  o f  phase) f o r  the other  
side. Therefore the constant environment o f  160 ~ ~ ~ / h r - f t Z  on a l l  panels used 
i n  TP-21 i s  not  representat ive of the design condit ions. This data po in t  i s  
valuable as a steady maximum heat r e j e c t i o n  case f o r  thermal model cor re la t ion .  
TP-22 indicates a maximum evaporation heat load o f  17,864 BTU/hr which i s  c lose 
t o  the nominal 16 1 b l h r  ra te .  It should a lso be noted t h a t  the maximum heat 
re jec t i on  occurred during TP-27 which represents a sun i n  cav i t y  o r ien ta t ion .  
This i s  i n  d i r e c t  contrast  t o  the baseline system which indicated t h a t  the  
sun i n  cav i t y  o r b i t  i s  the worst case condit ion. 
Calculated heat r e j e c t i o n  ra tes  (Table 13) f o r  the i n i t i a l  seven t e s t  
points were approximately 10 percent lower than the pre- test  predict ions (a 
maximum deviat ion of 3000 BTUIhr). Heat r e j e c t i o n  ra tes  f o r  t he  low load tes ts  
were d i f f e r e n t  from the simulated loads and predict ions due t o  s l i g h t  d i f -  
ferences i n  the o u t l e t  contro l  point .  The d i f ferences i n  the  predicted and 
t e s t  heat r e j e c t i o n  f o r  the high and intermediate loads could be caused by 
several factors.  The t o t a l  heat absorbed by the  rad ia to rs  was higher than used 
i n  the predict ions due t o  the  e f f e c t  o f  the warm chamber f l o o r  and the rad ian t  
interchange between the  i nsu la t i on  blankets which face each other  (panels 2, 4, 
5, and 7). The pre tes t  analys is  t o  determine the  angle between the  blankets 
atid the panels indicated t h a t  an angle o f  42" i s  desired f o r  the  outward 
facing blankets and 48' f o r  the blankets t h a t  face each other. The actual t e s t  
conf igurat ion had a l l  blankets a t  approximately 45'. It i s  estimated t h a t  t he  
e f f e c t  o f  the warm chamber f l o o r  and the  LN2 wal ls  adds 3.3 t o  7.2 ~ W h r - f t '  
f o r  a chamber f l o o r  temperature o f  O°F and -100°F respect ive ly  (LN2 wa l l s  a t  
-280°F). Real t ime computer analyses were conducted during the  t e s t  w i t h  
3-4 ~ ~ ~ l h r - f t ~  added t o  the observed t e s t  enviroments from the I R  simulator 
panels. The e f fec t  on o u t l e t  temperature f o r  t e s t  po in ts  21 and 22 are: 
Pretest Analysis 
Outlet  temp, O F  
QABS, BTU/~~- f t2  
Real Time Analysis 
Outlet  Temp 
Q ABs 
Test Results 
Out let  Temp 
QABS 
I t  i s  seen that radiator performance i s  very sensitive to environments i n  th i s  
range. A change i n  absorbed heat from 158 to 165 ~ ~ ~ l h r - f t z  increases the 
equivalent radiation s i n k  temperature approximately 6OF from 51 to 57OF. 
Another possible reason for the lower than anticipated panel heat 
rejection i s  that the effective radiation from the simulated cavity could be 
lower than the pre-test analysis value. Previous cavity analyses of the actual 
shuttle configuration including the effect of the curved surfaces indicated 
that the effective area of the cavity panel was 67% of the actual panel area. 
I t  was originally planned to conduct the t e s t  w i t h  33% of the panel covered 
w i t h  an insulation blanket to  simulate the cavity. However, a l a t e  NASA re- 
quirement that the t e s t  configuration be more geometrical ly representative of 
the Shuttle required the analysis to determine the angle between the f l a t  t e s t  
panels and insulation blankets that would yield an effective area of 67% of 
the panel area. Due t o  time limitdtions this  analysis was based on the 
simplifying assumption that considered the radiator panel as one isothermal 
node and the blanket as one isothermal node. More detailed mu1 ti-node analyses 
may indicate a lower effective radiation from the t e s t  cavity. 
Test group 2.4 examined the weight optimum radiator system performance 
i n  a simulated O0 inclination orbit .  These orbits have been analytically shown 
to  be not as severe as the 78' inclination orbits tested i n  t e s t  group 2.1. 
A comparison of the results verifies that less water evaporation i s  required 
for t e s t  point 22. However, the peak outlet  temperature occurs during TP-61 
indicating that the maximum instantaneous water evaporation ra te  i s  during 
this orbit .  This i s  important i n  sizing the evaporation system. The t e s t  data 
ind icates a maximum water evaporation d c ~ 9 c c  heat load o f  19,048 BTUIhr. &n 
examination of the t rans ien t  t e s t  envirorments t o  insure t h a t  they are  repre- 
sentat ive of the o r b i t  and an ana ly t i ca l  v e r i f i c a t i o n  o f  the r e s u l t s  i s  required 
before a d e f i n i t e  design c r i t e r i a  i s  es-cablished. The maximum and minimum t e s t  
environments were lower than requested (a maximum dev ia t ion  o f  5.0 BTUIhr) 
ind ica t ing  tha t  the actual  peak o u t l e t  teriperature could be higher than the 
t e s t  data. 
Groups 2.5 through 2.8 are  included i n  the two-sided rad ia t i on  t e s t  
subgroup, a1 though these tes ts  were p r i m a r i l y  intended t c  t e - t  s y 5 t m  o u t l e t  
temperature s e t  p o i n t  change response. Tab1 t 14 summarizes the t z s t  r e s u l t s  
of t e s t  groups 2.5 through 2.8. Figures 78 through 81 show the  t rans ien t  
heat r e j e c t i o n  resu l t i ng  fvom the change i n  se t  p o i n t  temperature and f l ow  r a t e  
and o u t l e t  temperature p lo t s .  As shown by Figures 78 through 81 the changes 
i n  rad ia to r  heat r e j e c t i o n  are  accomplished i n  f i v e  minutes o r  less, i nd i ca t i ng  
t h a t  che water evaporation device t o  be used w i t h  the rad ia to r  system should 
have a f a s t  response time. As prev iously  mentioned, the  f l ow  contro l  valve 
used t o  cont ro l  the mixed o u t l e t  temperature required some manual overr ide t o  
maintain the desired o u t l e t .  This accounts f o r  the l oss  i n  o u t l e t  cont ro l  
observed i n  some cases immediately a f t e r  a change i n  s e t  point .  The t e s t  data 
ind icates t h a t  the  rad ia to r  system's a b i l i t y  t o  supply a con t ro l l ed  o u t l e t  
temperature o f  40°F t o  70°F i s  l i m i t e d  only  by the response t ime of the  cont ro l  
valve. With the contro l  p o i n t  se t  a t  70°F the main o u t l e t  temperature i s  l ess  
than 40°F, due t o  reduced flow, even a t  high load and hot  environment. (The 
load/enviroment must be such t h a t  t he  rad ia to r  system i s  capable of obtaining 
a 40°F o u t l e t  o f  course.) When the s e t  p o i n t  i s  changed t o  40°F :he cont ro l  
valve routes more f l ow  through the main system and the f i r s t  s lug of co ld  main 
f l u i d  immediately lowers the  mixed o u t l e t  t o  40°F. With the cont ro l  p o i n t  main- 
tained a t  40°F, the prime o u t l e t  r m a i n s  approximately 3°F below the i n l e t  
temperature even a t  low loads i n  the coldest  environment. When the se t  p o i n t  
i s  increased t o  say 70°F, the f i r s t  s lug o f  hot prime f l u i d  imnediately i n -  
creases the mixed o u t l e t .  
The maximum observed change i n  heat load was from approximately 
45,000 t o  70,000 BTU/hr (Test Points 53-54 and 56-59). This 25,000 BTU/hr 
change under the maximum load condi t ions i s  above the an t ic ipa ted  change i n  
load when the excess fuel cell  water i s  used to top off the radiator system 
(10,000-1 6,000 BTUIhr) . Test points 52D and 52E obtained the maximum observed 
heat rejection ra t io  of 7.7 : 1.0 (2600 to  20,000 BTUIhr). Test point 52 
had a lower than desired heat rejection because. the simulated heat load was 
low due to  1 imi ted t e s t  equipment heqter power fo r  the prime system. 
There were no observed flow in s t ab i l i t i e s  (Figures 82 through 85) due 
to the rapid changes i n  flow ra tes  for  the cold and skewed envirorments. 
Figure 86 shows a typical flow r a t e  response, indicating equal f l w  distribu- 
tion i n  the four parallel flow paths. 
5.3 Design Data 
The t e s t  points grouped under design data include those intended to  
investigate (1 ) a1 ternative plumbing configurations (Test Groups 3.1 through 
3.3), (2) response to heat load transients and recoveries of frozen panels 
(Test Groups 3.4 and 3.5), and (3) low a /€  coating simulation (Test Groups 
3.6 and 3.7). 
A1 ternative Plumbing Arrangements 
Table 15 sumnarizes the a l ternat ive  plumbing t e s t  points and Figures 
87 through 98 present the temperature maps fo r  these t e s t  points. 
A comparison of the heat rejection per u n i t  area (QIA) is shown i n  
Figure 99 for  panels plumbed i n  4 ,  5 and 8 parallel  paths. This data indicates 
that  w i t h  equal panel in le t lou t le t  temperatures (TP-32, 33 and 45), the  Q/A 
variation i s  51.0 to  55.4 ~ ~ u / h r - f t Z .  TP-46 has a Q/A of 62.5 B T U / ~ ~ - f t z ,  
but also has a higher ou t le t  temperature indicating a higher average radiating 
temperature. Therefore, a d i rec t  comparison between TP-46 and TP-32, 33 and 
45 cannot be made. I t  is concluded tha t  changing the panel plunbing from 4 
t o  8 para1 le l  paths resul ts  i n  approximately an 8 percent decrease in  heat re- 
jection capabil i ty . T h i s  agrees wf t h  previous analytical studies (pre-test  
predictions which were made for  an i n l e t  temperature of l l l °F  instead of 
1 6S0F). 
The effect  of d i f ferent  plumbing configurations fo r  the  cavity panels 
of the baseline system is shown i n  Figure 100. TP-48 and 39 indicate no di f -  
ference i n  system performance. The difference between TP-29 and TP-48 and 49 i s  
at tr ibuted to  differences i n  environments. The t e s t  r esu l t s  again indicate 
that  the plumbing arrangement does not affect  the system performance. 
Test points 37, 38 and 39 were intended to pr*ovide a compar ,son of 
plumbing arrangements uxder low load operation. However, an evaluation of 
the results (Figures 91, 92 and 93 indicates that the t e s t  conditions chosen 
for these tes t  points were incorrect. The enviroment of 11" ~ ~ ~ / h r - f t ~  on 
a l l  panels except 7 and 8 with an inlet  temperature of 53OF resulted in L a t  
rejection only in panels 7 and 8. The othnr panels actually absorbea heat. 
Under the t e s t  c~ndit ions no difference in panel 7 and 8 performance was 
observed and the isolation of panel 8 merely reduced the system heat rejection 
by approximately one-half . 
The only other comparison of low load plumbing --rangen~ents i s  pro- 
vided by t e s t  points 16 and 43. As shown on Figure 101, t e s t  noir,i; 16 heat 
rejection was lower than t e s t  point 43, This i s  attributed to differences 
i n  the mixed outlet  control point rather than better low load capabilities 
of the t e s t  point 16 plumbing configuration. A cmparison of the mafn out1 e t  
temperatures, indicates that during t e s t  point 43 the panels got colder than 
during t e s t  point 16, a1 though neither t e s t  point approached the l imit  O F  
-211°F. T h i s  i s  due to different environments (the t e s t  points were not 
originally designed for comparison). 
The t e s t  data are inconclusive as to the best plumbing drrangement 
to obtain the lowest load. I t  i s  expected that a flow arrangement with a l l  
panels in series would have a lower load capability than a l l  panels i n  parallel 
since the downstream panels would have a lower inlet  temperature and lower 
average temperature i n  the series arrangement. No t e s t  data was obtained 
under 1 imi t conditions to verify this bpothesis. 
Heat Load Transients 
A total of 6 heat load trans'ents w i t h  f ive different flow configu~ a- 
tions were conducted (Test Groups 3.4 and 3.5). A sumnary of the heat load 
trans4ent tes t  points i s  shown on Table 16. Panel temperatures prior to  the 
recovery and panel flow rates and outlet  temperatures duuing the recovery 
are  presented i., Figures 102 through 128. Minimum-maximm-minimum and 
maximum-mi nimum-maximum heat load trans1 ents were tested w i t h  different en- 
virorments on parallel panels. A maximum of f ive parallel panels w i t h  a hot 
enviroment on one panel and cold envirvnments on the other four have been 
tested. All flow arrangemants operated satisfactorily,  w i t h  no observed flow 
i nstabi 1 i t i cs .  Figures 102 throagh 107 show the coldest tube temperature taken 
frm the 37 panel thermocouples (Figure 13) a t  the minimun heat load condition 
jus t  pr ior  to tho s ta r t  of the transient t o  the high heat load condition. This 
data indicates the nunber of tubes which must be thawed during the transient. 
Figures 107 and 114 show the flow rates i n  para l le l  flow paths during 
the heat load transients for test  points 47 and 19 respectively. As indicated, 
there were no f low ins tab i l i t ies  observed during either transient. The f low 
discontinuity shown on Figure 109 a t  1600 hours i s  due t o  a flowneter fa i lure.  
Figures 120 through 124 show the recovery transient of each tube of 
panels 2, 3, 5 and 6 during tes t  point 50. A comparison o f  tube 3 temperatures 
during the test  p l n t  50 recovery, given on Figure 124, shows the transient 
characteristics o f  f i v e  panels plrrebed i n  paral le l .  A t  the s ta r t  o f  t h i s  
transient four o f  the f i v e  paral le l  panels +ad s i x  tubes frozen (Figure 104). 
Panel 1 had a high emiroment (approximately 125 ~ ~ l J / h r - f t z )  acd d id not 
freeze any tuba, thcs denonstrating f lw s t a b i l i t y  wi th  p a r t i a i l y  frozen and 
free flowing panels i n  paral lel.  Further evidence of t h i s  s t a b i l i t y  i s  indicated 
by the fact that a l l  panels show a recovery trend throughout the transient 
even though the panels do nct thaw out a t  the same time due t o  differences i n  
i n i t i a l  tenperatures (Panel 5 was the coldest panel ) , enviroments and/or 
panel i n l e t  temperature a d  flow rates. The l a s t  panel t o  recover (Panel 5) 
lags the i a i t i a l  panel recovery by approximately 20 minutes. The exception 
to the consistent recovery trend i s  shown by a cmparisor: of tube temperatures 
o f  panels 2 and 3 (Figures 120 and 121 ) . Panel s 2 and 3 appear t o  be recover- 
ing a t  approximately the sms rates when  pane'^ 3 abruptly experiences a trend 
reversal for a short period of time. This i s  believed  ti^ be caused by Panel 2 
tubes thawing f i rsdand momentarily taking the majority o f  the flow ( i n  ef fect  
starving Panel 3) due to the -educed pressure drop caused by more tubes flowing. 
The recovery trend i s  quickly re-csublished however, indicating the system 
stabi l i ty .  
'est group 3.5 was designt J t~ investigate the heat load transient 
under cold enviroments. As Sndicater: on Figure 105, only panel four was 
frozen during tes t  point 17A-18. Panel two had one tube tbat  was frozen, but 
due to the degraded pane1 insulation, the heat leak t o  the warm chamber walls 
kept the other tubes above the freezing point. Figure 126 i l lus t ra tes  the 
flow s tab i l i t y  o f  panels i n  two paral le l  flow paths during the heat load 
transient. The flow bl ips between 0 and 0100 hours are caused by surges i n  
the to ta l  flow. 
Figures 127 and 128 demonstrate the f low s t a b i l i t y  o f  panels i n  three 
and four para l le l  f low paths respectively. As shown by Figures 105 and 106 
both the upstream and domstream panels had frozen tubes and there were d i f -  
ferent number o f  frozen tubes a t  the s t a r t  o f  the transient. For example, 
both panels 6 and 8 had eight frozen tubes a t  the s t a r t  o f  t es t  po in t  60-51, 
whereas the para l le l  panels 2 and 4 had only one and f i v e  tubes frozen. 
Simulated Low a/€ Coatings 
The low a/€ coating performance was s imu la td  by reducing the absorbed 
heats t o  the analy t ica l ly  determined values and ra t io ing  the t e s t  panel areas 
by the r a t i o  of emissivit ies (cwhite paint / cdeSired = .9/.76). Table 17 
sumnarizes the resu l ts  o f  t h i s  group o f  tests and the t e s t  panel and simulated 
areas. Test points 31, 36 and 36A represented one-ha- f o f  the analysis con- 
f igurat ion 2 under steady environnents and t e s t  point  2 represented the f u l l  
configuration 2 w i th  cyc l ica l  environnents. Figures 129 through 133 present 
tenperature maps for t es t  groups 3.5 and 3.6. Figures 134 and 135 show the 
f law r a t e  and ou t l e t  temperature variat ions f o r  the simulated o r b i t  of t es t  
point 2. 
Figure 136 compares the resu l ts  o f  the simulated low a/€ coating 
tests t o  the analysis resu l ts  o f  reference 1. Test po in t  2 compares very 
favorably w i th  the analysis while t es t  point  31 indicates a higher required 
evaporation than predicted. This i s  a t t r ibuted t o  the fact  tha t  the t e s t  was 
conducted w i th  steady rather than cyc l ica l  envirorments. 
6.0 CONCLUSIONS 
The modular radiator system operated flawlessly during three weeks 
of testing, accumulating over 300 hours o f  operation i n  a thermal-vacuun 
environment with no problems. Performance data has been obtained f o r  Rockwell 's 
base1 ine system and the weight optimum system f o r  a variety o f  known environ- 
ments and heat loads representative o f  the shutt le design conditions. Design 
data f o r  a1 ternate plunhing arrangements, heat load transient capabil i t i e s  
and simulated low a/€ coating operation have also been obtained. A l l  t es t  
objectives have been met. 
The maximum observed baseline system heat reject ion was 76,600 BTU/hr 
obtained i n  segmented tests, and 52,931 BTU/hr for the weight optimusl system. 
The minimun observed heat reject ion was 8260 BTUIhr f o r  the baseline system 
and 4163 BTU/hr for the weight optimum system. The tes t  resul ts indicate the 
appl icabi l i ty  o f  the MliS to  the Shuttle; however several differences between 
the test and baseline panels should be examined i n  future testing. These dif- 
ferences include: the panel size, the panel aspect r a t i o  (length t o  width), 
and the reach (maxinun distance between frozen and non-frozen tubes during 
low load). It i s  also reconmended that future testing include the e f fec t  o f  
backside and edge heat leaks. 
The concept o f  modular radiator panels used to "build" a system t o  
the required area was dmnst ra ted  by obtaining operating data for panels 
plumbed i n  eight d i f ferent  serieslparal l e l  arrangements wi th  skewed and 
balanced enviroments representing eight d i f ferent  situations. Each o f  the 
test  panels provided the same perfoniunce under s imi lar heat loads and en- 
v i  ronments. 
A to ta l  o f  17 tes t  points were made t o  co l lec t  design data to support 
detai l  design o f  the shutt le radiators. The tes t  data indicates that any con- 
venient plumbing arrangement can be used (up t o  eight panels i n  para l le l )  w i  t h  
only a s l i gh t  degradation i n  per fomnce due t o  low panel flows (laminar flow 
heat transfer coefficients). The transi t ion between the m i  nimua and maximun 
heat reject ion rates was dmnst ra ted  for a variety o f  serieslparal lel flow 
configurations with balanced and unbalanced environments. No unstable flow 
conditions were observed during any o f  the tests. 
The simulated low a/€ coating tests indicates that the MRS should 
operate sat is factor i ly  with a low a/€ coating and that the performance i s  i n  
the range used i n  previous heat re ject ion system weight optimization ztudies. 
Data f o r  thermal model correlat ion has been obtained by recording 
t o ta l  system and individual panel i n l e t  and ou t l e t  and tube temperatures, f ;ow 
rates and pressure drops f o r  approximately 302 hours o f  testing. A p e l  i m i  nary 
comparison of p r e t e s t  predictions and t es t  data indicates tha t  the system model 
used i n  previous analyt ical  studies i s  adequate. The resul t s  o f  a more detai led 
correlat ion analysis are reported i n  Voluns I11 o f  t h i s  report. 
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6 March 1973 
7 March 1973 
8 March 1973 
9 March 1973 68 
12 March 1973 7 1 
13 March 1973 72 
14 March 1973 73 





15 March 1973 74 
16 March 1973 75 
19 March 1973 78 
21 March 1973 80 
22 March 1973 81 
23 March 1973 82 
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FIGURE 10 
DETAIL OF INSULATION ON PANELS AN2 
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PANEL 
c;? PANEL '7 t Temp Main -139.8 Temp Prime 44.8 Temp Main -84.8 T a p  Prime 44.8 1 
PANEL 9 PANEL P I Tmp Main -98.5 Temp Prime 46.9 Tmp Main -74.1 - 1 Temp Prime 43.1 
PANEL 
~ e m p  prime 46.9 f 1 Temp Prime 44.8 
Tout Main -10.6 
1; Tout Prime 46.9 






































































































































































































TEST POINT 18 - STABII*I?ED TEMPERA- 
r n E S  
Tea? Main -40 


















































































































TEST POINT 23 - PANEL AND MIXED OUTLET 
TEMPERATURES 
1 500 1 600 











TEST POINT 61 - FLOW RATES 
FIGURE 73 
TEST POINT 61 - PR'LME, BANK, m D  
a J m T  TEMPERAnmE 
7- TEMP. 
'xed 





PRIME TUBE NLET 
- 
-, 
TUBE BANK - [NLET 





Heat R ection Heat R 
Time (hrs) Day 82 
FIGURE 74 
TZST POINT 63 - FLOWRATES 

FIGURE 76 
TEST POINT 64 - FLoW RAF:? 
Time (hrs) Day 81, 82 
FIGURE 77 







FIGURE 8 3  
TEST GROUP 2.6 - FLOW AND TEMPERATURE 
RESPONSE TO SET POINT CHANGES 
V MIXED OUTLET TEMP 
0 BANK OUTLET TEMP 
0 PRIME FLOW 
0 BANK FLOW 
17:OO 18:OO 19:OO 20: 0 0  



























































































































































































































































































































































































































































































































































































































































































































































































































COMPARISON OF PLlMBING ARRANGEMENTS 
. . 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TEST POINT 47 - BANK AND PRIME INLET 
AND OUTLET 'lTMJ'ERA'RIRES, MMEC ClJTLEZ 
I /// 
P/' 













Time (hrs) Day 71 
F I r n  112 
TEST POTKT 47 - WTLET TEMPERA'RTRE OF 
PANELS 5, 6, 7, 8 
150 :.6co 1700 1800 l m  2000 
Time (hrs) Day 71 


FIGURE 11 5 
TEST POINT 19 - PRIME FLCkJRATES 
ELAPSED TEST TIME DURING DAY 68 [HRS] 
FIGURE 116 
 ST POINT 19 - BANK INUT AND CUTLET 
TEMPS, PANELS 2, 6 CUTLET TENPS 
5:oO 6: 00 7: 00 8: 00 9: 00 1o:W 11:OO 















































































































































































































































































































































































































































-- If Flw P r i m  14.7 * 
Flow Main 
Flow Prime - 
PANEL '  
Tema Main 129.6 







L, d ? snp Main 87 I Tab? Prime 81 
57.4 
~ a n p  Main 73 
6r -. I Prima 73 
ToutMain 64.7 
Tout Prime ' 74 
Temp Mixed Prime and Haln 65.8 




TEST POINT 2-2 - STABILIZED 
TEMPERArnES 
Flsw Hain 2111 
- 
 low blain AXEL- Flaw Prime 15 a 
Flow Prime 9-5 Flow Main -115'7 




Temp Ma i n 130.6 
93 Temp Prime I J 
 em^ Main 130.6 
*.- 
f Tetnp P r i m ~  95 
PANEL 
3 
110. Temp Elain Temn b i n  a ' 




Temp Ma i n 93 78 
-Temp Hal n 





Temp Main TgnpHain 55; .; - 
Temp Prime 75 -------.- 
70 Tout Main -- 
Terq~ MCxed Prime and Main 70 
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COMPARISON OF SIMULATED LOW a/s COATING 
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APPENDIX A (Cont'd) 







































































APPENDIX A (Cont'd) 
AVG I R  ABaORBED BY PANEL 
9 March 1973 
HRS Shutt le Test Operations Report # 1 
The f i r s t  o f  three planned weeks o f  t e s t  operatior-s were successfully 
completed on 9 March 1973. Because o f  f a c i l i t y  leakage and f l u x  
simulator problems and resu l t ing damage t o  insu la t ion blankets, tes t  
time avai lable was severly res t r i c ted  and a1 1 objectives were not  
accomplished. Testing i n  the f i r s t  week configurat ion w i  11 therefore 
be continued next week t o  accomplish these objectives which are re la ted 
t o  invest igat ion o f  the Base1 ine  f low arrangement operation. 
General t es t  operations are surmari zed below. 
Date (day) Time 
- Act iv i ty  
5 Msrc~t 1973 (64) 00.00 Hrs. :est team on stat ion.  
03:15 Chamber inspection . 
05:OO Star t  pumpdown. 
06r05 Chamber back t o  ambient t o  f i x  leak. 
06; 25 S ta r t  punpdown . 
07:15 S ta r t  MRS f low set-up. 
11~24  Other chamber 1 eakage repai red. 
12:59-13:31 Ace d m  
15:10-16:22 Observed e r ra t i c  pat tern o f  prime 
tube panel i n l e t  and ou t l e t  
temperatures -- increased f low from 
approximately 17 Lb/Hr t o  335 Lb/Hr. 
and established good pat tern  -- 
returned f low t o  nomal. Problem due 
t o  thermal domination by l i n e  heat 
leaks a t  very low f low rates. Acceptance 
because prime heat re jected only 1% 
of t o t a l  heat re jected under these 
conditions . 
15:25 2.5 X 1 0 ' ~  t o  t o r r  chamber pressure. 
MRS shu t t l e  Test Operations Report 1 
(continued - page -2-) 
5 March 1973 (6b) 16:57 Temporarily l o s t  a l l  f l ux  simulators. 
CharnSer pressure 2 t o  4 X l oS5  t o r r  
(DTP requires I x 10.' torr!. 
4 X 1 0 ' ~  t o r r  acceptable f o r  t h i s  
secuence because mean free path i s  
4.5 f t  a t  130'~ o r  aporoximately 10 
time5 distance between r a d i a t o r  avd f l u x  
sirnul3tor. 
18:55 Complete f i r s t  t e s t  p o i n t  (!#I). 
20: 20 Complete t e s t  ~ o i n t  1A. 
6 March 1973 ( 6 5 )  01 :46 Comolete te:t - po in t  2 (cyc l i c  e;Svironment) 
03:1? t o  03:36 Ace down 
Complete t e s t  p o i n t  3. 
Comblete t e s t  go in t  4. 
Pyrodyne valve cont ro l  to 47' t o  4 g 0 ~ - -  
ac t iva te  A I M  valve :o achieve 4 0 ' ~  contro l .  
I n l e t  condit ions achieved f o r  t e s t  p o i n t  5 
stabal i za t i on .  
Flux s imulator  4 sprung a f recn  11 leak. 
I nsu la t i on  blankets blown o f f  o f  panel 
3 and 4 and p a r t i a l  l y  o f f  o f  panel 7. 
Checkout pyrodyne val ve- i  ncreasi ng back 
pressure from 100 ps i  t o  200 p s i  does not  
a f f e c t  s e t  po in t .  Also, checked out  ATM 
valve. Data on voice tape. 
Chamber repress started. 
1 imel i n e  rev is ions resol  ved f o r  reduced 
ava i lab le  t e s t  t ime t h i s  week. SESL 
used 0.85 assumed panel emnissivi t y  i n  
s e t t i n g  up desired f luxes and LTV ~ s e d  
0.92 i n  pre- test  predic t ions.  
MRS Shut t le  Test Onerations 
(continued - Page -3-)  
6 March 1973 ( G c , )  5 ga in t  samples have been shipped 
from Dallas f o r  measurement by SESL. 
(Results of measurements made 
l a t e r  i n  ' th is   wee^ i nd i ca te  0.913 
em~ i i ss i v i t y  , but t h i s  i s  a "near nonnal" 
val be. Correct ing t o  "Hemispherical" 
emnissivi ty y i e l d s  0.89. A 0.9 r a d i o s i t y  
model t h a t  SESL has ava i lab le  should prove 
adequate f o r  flu.< simulat ion analysis).  
7 March 1973 (66)04:03 S t a r t  pumpdown. 
10 : 25 Freon 1.1 leak a t  zone 2 I R  s imulat ion. 
Change f low arranoanent t o  f low through 
pane.1~ 5 and 8 instead o f  2 and 4. 
19:20 Conipleted one cyc:e of TP5 -- Leak 
developed i n  I R  s imulat ion F-11 zone 8 --  
Blew insu la t i on  o f f  of panel 8, and 
s l i g h t l y  o f f  o f  6, 7 - -  i nsu la t i on  now 
covers approximately 70% of 2 
8 March 1 7 3  (67)00:20 Star ted t e s t  p o i n t  8 using panels 4 and 
2. Revised t e s t  plans t o  achieve 
maximun useful  data w i t h  e x i s t i n g  f a c i l i t y  
t e s t  set-up. 
04 : 30 Completed t e s t  p o i n t  8 (g conf igurat ion!  
w i t h  degraded insu la t i on  on panel 2 and 
s l i g h t  degradJion on panel 7. 
07 : 55 Completed t e s t  p o i n t  10 w i t h  a s ing le  
ser ies f low path through panels 1, 3, 4  and 
7 (one h a l f  o f  K conf igurat ion)  instead 
o f  the desired p a i r  o f  ser ies f low paths 
1 , 3 , 4 , 2 a n d 5 , 7 , 6 , 8 .  D a t a i s  
bcccptable t o  s a t i s f y  object ives. 
MRS Shut t le  Test Operations 
(continued - Page -4-) 
8 March 1973(67) 11 :15 Completed t e s t  p o i n t  12 (B conf igurat ion)  
w i  t n  degraded insu la t ion .  
Completed t e s t  p o i n t  17 (one hal f  o f  A 
conf igurat ion) .  
Cooldown was speeded up by shut t ing  main 
f low c f f  fo r  approximately 4 hours. Flow 
was momentarily cycled on and o f f  twice 
during t h i s  ~ e r i o d  t o  insure t h a t  loca l  
f reezing could fiot occur a t  a possib le 
heat short. Flow se t  up t o  14 Lb/Hr. i n  
main a t  20:50. Data on voice tape. 
Completed t e s t  p o i n t  L7 p (B conf igurat ion) 
w i th  LNz environwent on panels 2 and 4. 
Approximately 5 tubes froeen on panel 4 
bu t  degraded insu1at;on preventsproper 
freezing pa t te rn  on panel 2. With 
15 Lb/Hr. main f low (-152' o u t l e t )  and 
1154 lb/Hr. prime f low ( 4 9 ' ~  o u t l e t ) .  
Mixed temperature would be approximately 
47OF. This agrees w i t h  pyrodyne value 
contro l  point .  (Actual mixed temperature 
i s  4 7 ' ~ ~  bu t  t h i s  i s  coincidence because 
mixed i n l e t s  a t  valve are approximately 
+25 main and +47"F prime due t o  1 i n e  heat 
leaks). ExcessS*!e heat leaks a t  low flow 
ra tes  y i e l d  the  fo l low ing main i n l e t  and 
o u t l e t  pa t te rn  f o r  panels 4 and2; 4 
i n l e t  - 6 5 ' ~ ~  4 o u t l e t  -1 SOOF, 2 i n l e t  - 
118'~, 2 o u t l e t  - 152' F. 
Approx. 
23 : 00 Started 3 hour recovery ramp of i n l e t  
temperature. Frozen tubes thawed ou t  a t  
expected r a t e  o f  approximately one every 
10 minutes during f i r s t  hour of recovery. 
Data on voice tape. 
MRS Shut t le  Test Operations 
(continued - Page - 5 - )  
Signed: R. J. Tu f te  
9 March 1973 
Act ivate AT!! value t o  ach'eve desired , 
4 0 ' ~  se t  p o i n t  f o r  t e s t  ~ o i n t  18. 
Test ~ o i n t  15 conmlete (g configuration). 
Test p o i n t  19 conip le ted  ( F u l l  oc configura- 
t i o n ) ,  w i th  degraded i nsu la t i on .  P r i o r  
t o  t h i s  t e s t  p o i n t  panel 8 was c o m ~ l e t e l y  
uncovered f d r  long per iod w i  t h LNZ f 1 ux 
s imulat ion on one side. Average panel 
temperature O( -gooF i nd i ca ted  that 
chamber environ~rent i n  t h i s  region o f  the  
chamber must be amroximate l  y 55-60 BTUIHr 
lt2. Anal:,ris of t h i s  data may be used 
t o  establ i s h  actual envi ronments an panel 
8 during t e s t  p o i n t  19. 
14:OO 
Approx. Photographs from top of chamber obtained 
a t  LTV request t o  document cond i t ion  of 
blankets p r i o r  t o  repress. 
19:40 Post t e s t  i n  p x t i o n  -- blankets d i d  blow 
around during repress. Damage t o  f a i l e d  
s imulator  panels a t  i n l e t  manifolds. 
Radiator panels OK. 
16 March i 3 ,  
MRS SHUTTLE TEST OPERATIONS REPORT #2 
The second o f  three planned week? o f  t e s t  operations was successfully 
completed on March 16, 1973. Due t o  f l u x  simulator problems i n  the f i r s t  week o f  
tes t ing  some o f  the f i r s t  week's t e s t  points were car r ied  over i n t o  the second week's 
scheduie al lowing baseline object ives t o  be accomplished.. The planned second week's 
objectives were f o r  the two sided operation o f  the panels. Since the imporS.ant 
nature of the two sided operation, i t  was decided t o  move the second week's conf igurat ion 
t o  the t h i r d  week o f  t e s t i r g  t o  ir,si\le completion o f  t e s t  object ives. A1 1 major t h i r d  
week object ives were accomplished during the second po r t i on  o f  the second week. Flux 
simulat ion data i s  being processed much quicker and a1 1 data i s  now avai lable (Friday) 
on the second week o f  test ing.  General t e s t  operations are sumnari zed below. 
12 March 1973 (day 71) 
00: 00 Test team on s t a t i o n  
2:OO S ta r t  pump down 
2: 19 Freon leak detected - secure pump dovn 
3:22 S t a r t  pump down 
5:58 2 x 10-1 t o r r  chamber pressure 
Stopped f low i n  MRS t o  a l low coldsoak 
6:30-11:35 Flow s tar ted  f o r  approx. 5 min every 30 min t o  prevent f reezing 
o f  connecting 1 ines 
4 x 10-6 t o r r  chanber pressure 
Panel 6 has 5 t o  6 tubes frozen 
Panel 8 has f lw i n  a l l  tubes. Suspected i o n  gage suppling heat 
source due t o  bad Insulat ion.  Main f low o f  111. s e t  by Pyrodyne 
valve mixing t o  45°F. Ana ly t ica l  mix o f  panel o u t l e t  temperatures 
i s  42°F. 
S tab i l i za t i on  reached f o r  TP47A 
S t a r t  2 hour ramp t o  162°F 
Panel 6 thawed 
Flowmeter 54 went out 
Shut down main f l o w  t o  replace FM0054 w i t h  FM0056 
Main f low back up 
CRT a t  flow bench went out 
CRT back on 1 i ne 
Stabi 1 i zation reached f o r  TP47B 
Complete i n l e t  temperature s t a b i l i z a t i o n  a f t e r  2 hour 
down t rans ient  (TP47C) 
Prime bypass v i a  V46 t o  stay under 325 p s i  pressure red l i n z  
Pyrodyne valve osc i l l a t i ng ,  cu t  osc i l l a t i ons  by c u t t i n g  down 
main valve 
A l l  f l u x  simulators operating w i t h  Freon 
Shut o f f  main f low t o  al low panels t o  cool f as te r  
Re-ini t i a t e  main f low 
Potent ia l  problems on TP (21-1400) 
(1) i n s u f f i c i e n t  power i n  lOkw heater t o  achieve 152" i n l e t  
on prime a t  high f low rates. 
(2) i n s u f f i c i e n t  GSE heat exchanger t o  achieve -16°F on main 
due t o  high flow. 
(3) f l u x  simulator #7 cannot mi n t a i  n temperature contro l  . 
13 March 1973 (day 72)  
Stab i l i za t i on  reached f o r  TP-14. Main i n l e t  temperature 
cyc l ing  between 23.7 and 20.5. Flux simulator 7 s e t  t o  LN2 
f o r  f reon loop t roub le  shooting 
Two 90 minute cycles completed f o r  TP-15. S t a r t  i n l e t  temp 
& I R  t ransients t o  TP-16 condit ions 
Cycle s tar ted  f o r  TP-16 
FCE reported a Freon leak 
Flawmeters f o r  panels 1 and 5 were no t  on l i ne .  No f low d i s t r i b u t i o n  
measurements f o r  t h i s  TP. 
Freon 1'; pump on panel 7 reported f i x e d  
Completed TP-16; V-45 was open during TP-16; prime f low bypass 
t o  obta in 2200 1 b/hr 1.. . 
FM0042 and FM0047 went ou t  
Conpleted TP-20 - c y c l i c  a3 
Setup B f o r  21-1100; f i x e d  the two flowmeters 
I n l e t  temp cycl  i ng  fi 5' i n  response t o  coldpack cycle w i t h  f u l l  heater bypas! 
Completed TP-11; s t a r t  repress 
#k 
14 March 1973 ( d a y  73) 
Chamber door open 
S t a r t  pump down. Lines have been changed and system pressure checked. 
Panel 7 AP measurement bad 
A - t i f i c i a l  flow balance was performed a t  ambient conditions w i t h  a1 1 
panzls f lowing. Total f low = 2130 lb /h r  
Switched back t o  y-1,-3 and 1100 1 b/hr 
Act ivate Pyrodyne valve t o  reduce pr '  lc! f low t o  20-30 1b/hr 
Pyradyne valve r e s t r i c t e d  t o t a l  f lowrate t o  200 lb/hr ;  took i t  cu t  
o f  c i r c u i t  
Trouble reported w i th  FM46 
M46  f i xed  
I R  f luxes low on panels 7 and 8 s tar ted  br ing ing up t o  cor rec t  posit ions. 
This t e s t  po in t  demonstrates the low a/€ coating on the t o t a l  cargo bay 
door area w i t h  the forward doors opened fa r the r  than a f t  doors ( d i f f e r e r t  
suri angle) w i l l  accomplish approximately 70k heat load i n  d i r e c t  sunl ight.  
Completed TP-31 (y-1,-3 panels) 
I R  zones se t  t o  130 ~ ~ u / h r - f t z  
Completed TP-32 (y conPi gura t i  on) 
Completed TP-33 (6 configuration) 
Completed TP-48 (6 conf igurat ion)  
Completed TP-49 (y configuration) 
Proceed t o  TP-37 
15 March 1973 ( d a y  74) 
Completed TP-37 (y conf i gurat i  on) 
Completed TP-38 (6 conf igurat ion) 
Completed TP-39 (8 minus panel 8) 
S w i  tched t o  c conf igurat ion 
Balanced f low a r t i f i c i a l l y .  AP readings indicated t h a t  panel 
3 f low was h.iqh. I R  panels pu t t i ng  130 E i ~ u l h r - f t 2  on a l l  panels. 
Flowmeter 47 i s  o u t  
Completed TP-45 
Isolated panels 4,7, and 8 and rebalanced f l w s  
Completed TP-46 (c minus 4,7, and 8) 
Proceed t o  TP-50 (E minus 4,7,8, panels) 
LN2 on panels 2,3,5,6 
Panel 1 hot 
B-8 
(Continued) 
Stabil ization reached for TP-50, but no panels were frozen. 
The 7k load plus one panel enviroment load being dumped 
by 4 panels i n  cold environnent reqcSm. 180 l b j h r  :.&in flat. 
Form mw tes t  point t o  enable freezing o f  panels f o r  recovery 
to high load conditions. New i n l e t  temp set a t  43-4S6F. 
F lat  set to 20 l b l h r  t o  m l n  w i t h  occasi6nal o f f  r.rd on 
sequences o f  1 minute for Creezing conditions t o  occur. 
The 4 cold panels (2,3,5,6) show consistant edge effect wi th  
outer tube apprax. 10' warmer than 3rd awl 5th tubes i n  
fm edge. Probably due to  inadequate insulation. Blankets 
conducting too mch heat t o  panels. This i s  consistant wi th  
ear l ie r  problem on panel 8. 
Setup to rees tab l i sh  flow - Increase gain 10 times on AP 
transducers t o  obtain posi t ive flaw indication a t  startu?. 
Posit ive f l a w  indication on a l l  4 cold panels - return AP 
transducers t o  proper gain 
Colpleted TPSOA 
Startup WO/hr transient raap - 7 t o  8 tubes frozen on each 
cold panel. 
Am valve i n  system 
Panel 3 thawed appmx. 30 mln. a f te r  s t a r t  o f  transient 
Panel 2 & 6 thawed rpprox. 40 t o  45 min. after s t a r t  o f  transient 
Panel 5 thawed appmx. 55 min. a f te r  s t a r t  o f  transient 
One hour o f  rwp carpleted; a1 1 panels thawed. 
Step i n l e t  tcrp to l62.e0F 
< . 
Corpleted TP-50 (e rnlnus 4,7,8) 
Proceed to TP-43 
Capleted TP-43 (y configuration) 
Proceed t o  TP-36 LN2 on a1 1 f l m i n g  panels 
16 k r c k  1973 (day 75) 
06:OO Completed TP-36 (y minus 1,3) 
06:15 S t a r t u p r a R p j s i x t u b e s f r o ~ e n a t o u t ~ e t ~ n i f o l d  
07: 18 Start  increase i n  i n l e t  temperature t o  -162.4OF 
07:36 Flawnrete~ 56 !s out 
P 1. re; f'r 3 1  I+ 4 7" fv I inlrc 1 3 )  
23 March 1973 I 
MRS SHUTTLE TEST OPERATIONS REPORT # 3  1 
The t h i r d  o f  t h r e e  p lanned  weeks of t e s t  o p e r a t i o n s  
was s u c c e s s f u l l y  completed on March 23, 1973. The two s i d e d  o p e r a t i o n  I 
i n  Samma c o n f i g u r a t i o n  o r i g i n a l l y  p l anned  f o r  t h e  second week was 
p e r f ~ r m e d  t h i s  week due t o  t h e  p r e v i o u s  I R  s i m u l a t o r  prob lems wh ich  
o c c u r r e d  i n  t h e  f i r s t  week's t e s t i n g .  New t e s t  p o i n t s  were added 
d u r i n g  t h e  week t o  i n s u r e  a  f u l l  week o f  t e s t i n g .  These p o i n t s  were 
i n  a d d i t i o n  t o  t h e  ATM v a l v e  c o n t r o l l i n g  t o  s e t  p o i n t  changes which 
were added t o  t h e  t e s t  t i m e l i n e  j u s t  p r i o r  t o  t h e  t e s t .  General  
t e s t  o p e r a t i o n s  a r e  summarized below. 
19 March 1973 (Day 78) 
T e s t  team on s t a t i o n  
S t a r t  pump down 
F low o n - s t a r t  e s t a b l i s h i n g  i n l e t  temp 
1.0 x  10-5 t o r r  
Completed TP21; i n l e t  temp 1-2OF h i g h  
S t a r t  I R  c y c l e  - Env i ronments  s t a b l e  
R e s t a r t  Env i ronment  
Completed TP22; H i g h  p o i n t  -12:35 
Low p o i n t  - 13:30 
C o r r e c t e d  f l u x  s i m u l a t o r s  
Chamber p r e s s u r e  1.5 x 10-6 
Lunar  Deck = 230°K 
Completed TP23; Low main o u t l e t  a t  14:50, 
H igh  ma in  o u t l e t  a t  1 5 ~ 4 0  
Completed TP24; Low ;t 19:20, H i g h  a t  20:10 
Lunar  Deck = 220°K. Could  p o s s i b l y  accoun t  f o r  
s l i g h t  (2-4OF) i n c r e a s e  i n  a i n  o u t l e t .  T h i s  
r e f l e c t i o n  o f f s h i e l d s .  
?D adds abou t  3 t o  6 B T U / h r - f t  t o  t h e  pane l  from 
Completed TP25; had some bad f l u x  on Panel  2  f o r  
l a s t  h a l f  c y c l e .  H igh  a t  21:45; Low a t  22:35 
20 March 1973 
01:30 Completed TP26 
02:50 Completed TP27 
03:30 ATM v a l v e  used t o  c o n t r o l  t o  40°F f o r  TP28 
05: 25 Completed TP28 
06:OO ATM va 1 ve c a n ' t  c o n t r o l  t o  40°F ; swi tch t o  manual 
bypass r e q u i r e d  t o  g e t  t o  40°F 
06:45 I R S  s t a b l e ;  s t a r t  30 min h o l d  
07:15 S t a r t  I R S  t r a n s i e n t  
07:32 Freon t o  LN2 HX f r w e  on zone 1 I R  s i m u l a t o r  
08:55 Valve t o  HX i s  s t i l l  f rozen;  zone 1 avg. temperature 
-29°F shou ld  be -60°F 
09:20 I R  zone 1 has f u l l  c o n t r o l  
11:OO I R  zones 1 and 5 are o u t  
11:lO Completed TP29; h i g h  9:35, low 10:20 
Approx. 
16:OO T o t a l  f l o w  was reduced t o  2000 l b j h r  f rom 2200 l b j h r  
t o  s tay  w i t h i n  r e d  l i n e  l i m i t  o f  p ressure  gauge on 
f low bench. 
18:45 Since approx. 16:OO we have been t r o u b l e  shoot'ng 
i n c o n s i s t e n t  A1 and AJ thermocouple temperatul  data.  
22:16 A l l  i n  chamber redundant  temperature measurements w i l l  
be p u t  on MS da ta  channels 3 th rough 36. 
21 March 1973 
01:lO I n l e t  temperatures s t a b l e  f o r  TP57 
04:20 Completed TP57 
ATM v a l v e  s e t  t o  c o n t r o l  t o  50°F 
04:36 Set  ATM v a l v e  t o  40°F then  back t o  50°F t o  see i f  v a l v e  
w i l l  reduce t h e  f l o w  f rom 130 t o  10 l b j h r  (main) .  Cannot 
c o n t r o l  t o  10 l b j h r  because o f  leakage c h a r a c t e r i s t i c  of 
va lve.  
W :35 Cmpl eted TP 58 
08:08108:14 ACE i s  down 
11 :40 Cmpl eted TP60 
12:OO Start  Transient 
13:36 Popped c i r c u i t  breaker on prime heater-reset 
21 March 1973 (Cont inued)  
13:38 Pr ime o u t l e t  dropped i n  response t o  reduced power; 
v a l v e  c u t  main f low from 900 t o  700 l b j h r  t o  compensate 
13:55 L o s t  pr ime c i r c u i t  b reake r  a g a i n  
13:57 Pr ime o u t l e t  d r o p p i n g  due t o  r e d u c t i o n  o f  power 
14:00 - 14:47 Kep t  b l o w i n g  c i r c u i t  b reaker ;  i n s t a l l i n g  
60 amp b reake r  
16:46 I n l e t  tempera tu res  s t a b l e  a t  16Z°F on b o t h  p r ime and 
main; end o f  ramp 
17: 35 Completed TP51; (we are operating 
w i t h  ATM v a l v e )  
18:06 Lower i n l e t  tempera tu re  t o  116OF 
19:20 Completed TP52; l owe r  i n l e t  tempera tu re  t o  75OF 
20:31 Completed TP52A; change s e t  p o i n t  t o  40°F 
21 :O5 Completed TP52B 
21:08 Change s e t  p o i n t  t o  50°F 
22:OO Completed TP52C; change s e t  p o i n t  t o  70°F 
23:36 Completed TP52D; change s e t  p o i n t  t o  40°F 
22 March 1973 
02:05 Completed TP52E 
04:OO S e t  i n l e t  tempera tu re  t o  16Z°F 
06:05 Change s e t  p o i n t  t o  70°F 
07:15 Completed TP53; change t o  40°F s e t  p o i n t  
08:25 Completed TP54; change s e t  p o i n t  t o  50°F 
09:20 Completed TP55; change s e t  p o i n t  t o  70°F 
11:05 Completed TP56;  change s e t  p o i n t  t o  40°F 
12:10 Completed TP59 
13:OO - 18:OO IRS pane ls  a r e  low on f r e o n  cause de lay  
u n t i l  t hey  can be r e f i l l e d  
I R  pane ls  have reached d e s i r e d  f l u x e s  
S t a r t  c y c l e ,  completed TP63 (0 "  p o i n t )  
Completed TP63 (90' p o i n t )  
Completed TP63 ( 180° p o i n t )  
.Completed TP63 (270' p o i n t )  
Completed TP63 Repeat (360' p o i  n t )  
S t a r t  c y c l e  per  deviation 96 
22 Narch 1973 (Cont inued) 
23:45  Completed TP64 (90' p o i n t )  
NTE r e p o r t e d  pump on IR panel 5 has q u i t .  Going on 
w i t h  c y c l e  l e t t i n g  panel  5 d r i f t .  
Completed TP64 (180' p o i n t )  
Completed TPM (270° po- in t ) .  The environments were n o t  
what was d e s i r e d  b u t  can be c a l c u l a t e d .  
Completed TP64 (360' p o i n t )  
Completed second 90" p o i n t ,  c o r r e l a t e d  w e l l  w i t h  64. 
Proceed t o  TP 61 
Pump on I R 5  went o u t  aga in  
Pump i s  back on, b u t  XRS i s  hav ing  t r o u b l e  w i t h  t h e  LN2 
supply  t o  t h e i r  h e a t  exchanger 
Completed TP6l A (90' p o i n t )  
Completed TP6lB (180" p o i n t )  
Completed TP6l C (270° p o i n t )  
Completed TP61D (360' p o i n t )  
S t a r t e d  repress  sequence. 
